Despite the intense efforts of many skilled investigators throughout the world, the sad fact remains that we do not know the basic causes of peptic ulcer. We are slowly advancing towards a better understanding of the condition but it seems unlikely that a specific cure will appear except perhaps by chance. Therefore, surgical therapy will probably continue to play an important role in the management of peptic ulcer. This paper will for the most part consider the choice of operation for gastric and duodenal ulcer, but two preliminary general observations are pertinent to put the subject in a proper surgical perspective.
First, there is no strictly acceptable evidence that surgical therapy for peptic ulcer is better than medical therapy. This may sound a mildly ,heretical statement from a surgeon but, nevertheless, even in a carefully selected group of patients, surgery generates a whole set of new problems which must be balanced against the benefit of the cure of peptic ulcer and its complications. Traditionally these new problems comprise early post-operative death, recurrent ulceration, symptomatic disorders and malnutrition; but we should not forget the nonspecific morbidity of any abdominal operation such as deep vein thrombosis, incisional hernia and chest infection. Unfortunately none of these factors can be quantified so that it is impossible to draw up an accurate profit and loss account, and any final decision must depend on personal judgment based on the available facts.
Secondly, there is still no certain means of knowing how to select individual patients for operation. The working assumption is that operation is indicated if the patient has had a lot of trouble with his ulcer for a long time. We would do better to operate in advance of the trouble and thus prevent it. This involves predictions about the fate of individual patients, but as yet we cannot foresee which will do well and which badly.
Against the background of these two fundamental uncertainties, I will discuss the surgical approach first to gastric and then to duodenal ulcer.
Gastric Ulcer Until fairly recently, there was little really useful information on the cause of gastric ulcer and its surgical treatment was non-controversialpar-tial gastrectomy with gastroduodenal anastomosis, i.e. the Billroth I gastrectomy. Undoubtedly this is effective if rather crude treatment. A recently suggested alternative is vagotomy with a drainage procedure, eliminating the need for resection but not the fear of malignancy always associated with gastric ulcer. It is worth examining recent ideas on the cause of gastric ulcer to see if vagotomy is a rational operation.
In the past few years, new ideas on the pathogenesis of gastric ulcer have been developing into a fairly unified and moderately convincing theory: that duodenal juices, composed of pancreatic, hepatic and duodenal secretions, regurgitate into the stomach where they cause a variety of antritis (Fig 1) . The effect of this is to change trans-mucosal fluxes so that hydrogen ions enter the mucosa from the lumen of the stomach instead of going in the opposite direction. How this leads to localized ulceration is by no means certain and needs explanation. idea on the cause ofgastric ulcer is that duodenal juices regurgitate into the stomach where they cause a variety ofgastritis which weakens mucosal resistance to the corrosive action ofgastric acid Few surgeons have seriously attempted to test this theory clinically, partly because of the difficulty of devising an appropriate bit of gastrointestinal 'plumbing'. The nearest approach to tackling the process at one stage is vagotomy, which diminishes the number of hydrogen ions in the lumen of the stomach and therefore the number available for flux into the mucosa.
Several surgeons have used vagotomy in this way but few haveconducted the controlled clinical trials necessary to compare it with the Billroth I gastrectomy. The results of one such trial are available (Duthie et al. 1970) ; the findings in patients followed for up to 5 years (Table 1) suggest very strongly that gastrectomy is preferable, because of the much higher recurrence rate after vagotomy. This finding confirms the suspicion of many surgeons that vagotomy would not succeed, and gastrectomy will probably remain the operation of choice unless one of the variants of vagotomy mentioned below proves to give better results. However, as vagotomy appears successful in a substantial number of patients, it might be the operation of choice in bad-risk cases.
Duodenal Ulcer
With duodenal ulcer the situation is more confused and it is difficult to keep track of the changing scene. The surgeon's objective, however, remains to achieve a substantial reduction in acid secretion by the stomach. The importance of this was recognized in the early days of duodenal ulcer surgery when it was realized that simple gastrojejunostomy was extremely effective in curing the ulcer but was followed by a high incidence of anastomotic ulceration due to unaltered acid secretion. With few exceptions, surgeons now rely on acidreducing procedures.
For many years the routine was the Polya gastrectomy, i.e. subtotal gastrectomy with gastrojejunal anastomosis. Although a relatively crude operation, it was effective and it was some years before its disadvantages were recognized: death, the symptomatic disorders and the late development of evidence of malnutrition such as aneemia and weight loss. Because of the high incidence of these problems many surgeons enthusiastically welcomed vagotomy, believing it would have virtually none of these disadvantages. Physicians were equally eager to see in vagotomy the solution to all the defects which followed gastrectomy.
Unfortunately, vagotomy has not proved an unqualified success and has therefore been the result of searching examination and several developments. Two major problems became apparent after it had been widely practised for several years. First, recurrent ulceration developed in many patients, certainly more frequently than after the Polya gastrectomy (Cox 1970) . The cause of recurrent ulceration became obvious when post-operative insulin tests showed that the stomach had been incompletely denervated in many patients, and that incomplete vagotomy failed to reduce acid secretion. Secondly, a small but appreciable proportion developed very troublesome diarrhoea, either continuous or episodic. 
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The cause of the diarrhoea remains unknown. Some surgeons have argued that it is due to denervation of parts of the alimentary tract other than the stomach. In truncal vagotomy, which is the standard type, the vagus nerves are divided just below or above the diaphragm, resulting inevitably in denervation of the pancreaticobiliary system, the small intestine and proximal colon (Fig 2) . On the very reasonable but purely speculative theory that preservation of the vagal nerve supply to these structures would prevent the development of diarrhoea, 'selective vagotomy' was devised. In this operation, the vagi are divided slightly lower down, which has the effect of denervating the whole stomach but preserving the innervation of the extragastric organs.
Selective vagotomy was greeted with a storm of protest as being both too difficult and ineffective in preventing diarrhoea. However, a controlled clinical trial by Kennedy & Connell (1969 , 1970 showed, first, that selective vagotomy was followed by a somewhat lower incidence of diarrhoea than truncal vagotomy and, secondly, that it denervated the stomach at least as effectively as truncal vagotomy (Table 2) . Both observations remain controversial and need more confirmatory evidence. Table 2 Comparison of two types of vagotomy for duodenal ulcers (both with pyloroplasty) (Kennedy & Connell 1969 , 1970 Selective vagotomy has now achieved respectability, but no-one claims that it is perfect, and refinements are still possible. One factor is the 'drainage procedure' -either gastrojejunostomy or pyloroplastywhich is done as a standard part of vagotomy operations to counteract one side-effect, which is the disorganization of gastric emptying. This drainage procedure is currently under criticism as the cause of significant sideeffects after vagotomy, and ways are being sought to eliminate its necessity. Some surgeons claim that it is unnecessary in some patients having selective vagotomy. An alternative and more recent solution is 'highly selective' or 'superselective' vagotomy (Johnston & Wilkinson 1970) . Basically this consists in vagal denervation of only that part of the stomach which bears acidsecreting cells (Fig 2) . It preserves the innervation not only of the extragastric organs but also of the antrum and pylorus, which are partly responsible for the control of co-ordinated gastric emptying. Highly selective vagotomy has been introduced as showing how vagotomy at different levels results in parasympathetic denervation of different parts of the alimentary tract an operation in which a drainage procedure is specifically excluded.
Clinical experience with highly selective vagotomy is at present limited to a few surgeons and patients and it is too early to give a final opinion. Early reports suggest that it does cure the dyspepsia and that symptoms attributable to disorganized gastric emptying are unusual. We also know that it results in an acceptable reduction of acid secretion, but one important and disturbing factor is that the number of positive insulin tests seems alarmingly high a few months after operation. This is dismissed as unimportant by some who emphasize the reduction in acid secretion as the crucial effect, provided it persists. Clearly, highly selective vagotomy is still in the experimental stage and its widespread adoption should only follow favourable results of a proper clinical trial.
Antrectomy, i.e. resection of the gastrinsecreting part of the stomach, is sometimes associated with vagotomy to eliminate the vagal and hormonal phases of gastric acid secretion. This combination reduces acid secretion much more than vagotomy alone, and in consequence the recurrent ulcer rate is extremely low. It is quite popular in the United States, but not in this country, because our efforts are specifically aimed towards avoidance of resection.
It is worth summarizing the many permutations on vagotomy operations in an attempt to clarify a confused situation. Truncal vagotomy is always associated either with a drainage procedure (pyloroplasty or gastrojejunostomy) or with antrectomy. Selective vagotomy is usually the same, but is occasionally done alone. Highly selective vagotomy is always done alone. It is very difficult to know which of these alternatives is best and some believe that the differences are marginal and do not necessarily justify the extra effort and time involved in the more sophisticated procedures. I regard incomplete vagotomy as the single most worrying problem because it seems to occur in an unacceptably high percentage of patients and is responsible for recurrent ulceration in many (except perhaps after highly selective vagotomy). I have no doubt that recurrent ulceration is quantitatively the biggest problem of vagotomy. If we can solve this the future for vagotomy is good, whichever variant is actually used.
Mr J Alexander Williams (The General Hospital, Birmingham, B4 6NH) Postgastrectomy Problems This is an account of the complications and ill effects of all types of operation intended to cure peptic ulceration. It considers the results of vagotomy and drainage as well as those of partial gastrectomy.
It is wrong to think that operation is the 'end point' of the treatment of peptic ulceration, and that once treated all patients live happily ever afterwards.
While it is true to say that 75 % of patients are completely cured and have no residual symptoms, a quarter of the patients treated surgically still suffer from disability after the operation and some are seriously incapacitated.
The statistics quoted are taken from a review of current literature from 1963 to 1967 compiled by Cox et al. (1969) and from the Leeds/York control trial of elective surgery for duodenal ulcer (Goligher et al. 1968 ).
Recurrence
In reported series there is general agreement about the comparative rate of recurrent ulceration after the different types of operation used in the treatment of duodenal ulcer. The lowest recurrence rate follows vagotomy combined with antrectomy (circa 0 5 %). Next comes partial gastrectomy of the Billroth II type (circa 3 %), and the worst record is that of vagotomy and simple drainage procedure such as pyloroplasty and gastrojejunostomy (circa 7 5 %).
Surgeons tend to be rather sensitive about their failure to cure ulcers as this appears to reflect on their surgical competence. The surgeon, therefore, has an inherent tendency to favour an operation with a low recurrence risk. I suggest, however, that this is not necessarily the correct philosophy for there are worse things one can do to a patient than fail to cure his ulcer. Recurrent ulceration after a partial gastrectomy is usually quite simply cured by vagotomy. In my own experience in the treatment of 15 patients with recurrent ulceration after vagotomy and pyloroplasty, the operation of re-vagotomy and antrectomy has presented no great technical difficulties and has cured all recurrent ulcers with no mortality.
Vomiting Some patients vomit after gastric operations because there is organic obstruction as with a recurrent ulcer or too narrow a pyloroplasty. Others vomit because their stomach is irritated by the regurgitation of bile and pancreatic secretion; this latter type of vomiting often produces a heavily bile-stained vomitus. However, not all patients with bile regurgitation into the stomach suffer from vomiting; some appear to have a lower 'emesis threshold' than others.
Food vomiting due to gastric outlet obstruction is commoner after vagotomy and pyloroplasty but bilious vomiting is commoner after operations with a gastrojejunal anastomosis. Nevertheless, even after vagotomy and pyloroplasty bile can freely regurgitate through the stomach and 6-10% of patients will admit to the occasional vomiting of bile.
After partial gastrectomy 10-20% of patients admit to this symptom and it is severe in 1-2%.
The symptom of bile vomiting is difficult to treat medically. Oral local anmsthetic or polysiloxane compounds have been advocated, but in my experience patients so treated rarely continue treatment; most of them revert to self-medication with antacids (which theoretically should not be indicated). The symptoms are rarely severe enough to warrant considering further major surgery; however, very satisfactory results follow re-operation designed to divert bile away from the stomach. In a personal series of 30 patients treated by isoperistaltic loop interposition or Roux-en-Y anastomosis 70% have been completely cured of this symptom with no mortality (Jaffe & Williams 1971). Vomiting due to an organic gastric outlet obstruction necessitates surgical treatment of the causative obstruction.
